Additionally, patients in low and middle-income countries with inflammatory arthritis frequently develop advanced structural damage because biologic therapies are seldom available 6 . Total joint arthroplasty (TJA) provides pain relief and functional improvement in persons with end-stage arthritis 7, 8 . In response to the growing burden of joint disease in low and middle-income countries, international medical missions offer TJA programs in these countries. Delivery of care through medical missions has increased, with U.S. organizations sponsoring 6,000 trips per year 9, 10 , resulting in estimated annual expenditures of $250 million 9 . The cost of these missions has prompted questions about their sustainability, cost-effectiveness, and quality of care 9, [11] [12] [13] [14] . Notably, in a literature review of mission trips, Martiniuk et al. found that only 5.7% of articles had any theoretical or conceptual analysis, with the majority being descriptive and implementation-focused 15 . Additionally, Sykes found that even though approximately 200,000 surgeries were performed annually on mission trips as of 2013, there were only 13 published studies on the long-term ( ‡8 days posttreatment) outcomes of these interventions 16 . Operation Walk (Op-Walk) Boston has conducted yearly 1-week trips to the Dominican Republic since 2008 to provide free total hip and knee replacement surgeries to economically disadvantaged patients. Op-Walk Boston is 1 of 14 Operation Walk programs. Operation Walk provides TJAs internationally, and is one of the few missions that provides elective procedures rather than trauma care 17 . Op-Walk Boston is affiliated with an academic health center, and numerous team members have roles in research and quality improvement. Reflecting these roots, OpWalk Boston has instituted a robust research program evaluating multiple aspects of the program [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Given the rising popularity of global mission trips and the lack of an evaluative framework for these endeavors, 1 aim of this investigation is to introduce a conceptual evaluation model for short-term surgical missions. Another aim is to describe the research approach of Op-Walk Boston using this proposed evaluation model.
Methods

Setting
The Dominican Republic occupies the eastern two-thirds of the Caribbean island of Hispaniola. Roughly 41% of the 10.5 million Dominicans live below the international poverty line. The economy is largely agricultural and service-based, yielding a per capita gross national income of $13,570, roughly 24% of that in the U.S.
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. Although the basic health needs of most citizens are covered by a public health-care system, advanced treatments such as TJA are generally not accessible to the poor. In 2008, Op-Walk Boston partnered with Hospital General de la Plaza de la Salud (HGPS) in Santo Domingo, and has been providing pro bono TJAs yearly. HGPS is a private hospital with over 2,200 employees, 12 operating rooms, and 3 orthopaedic surgeons who perform TJA. Prior to 2008, they collectively performed <20 TJAs annually. During the yearly 1-week trips, Op-Walk Boston has performed TJAs on 380 patients with advanced hip or knee arthritis and limited financial resources. Patients are recruited via media announcements and screened for surgical indications, medical contraindications, and financial need by HGPS and U.S. staff. The patients who receive surgery come from almost all of the cities in the country (Fig. 1) . The operational program costs are about $150,000, with donated implants and surgical supplies totaling about $600,000.
Evaluation Model
We conducted a literature review in order to identify review papers describing medical missions and evaluation models for missions. We searched the Cochrane Database, Embase, and MEDLINE. The search strategy used MeSH (medical subject heading) terms and words from the title or abstract, including "international mission," "surgical mission," and "volunteer." Reviewers manually traced the studies' bibliographies for any citations missed by the search algorithm.
We identified review papers by Sykes 16 and Martiniuk et al. 15 , and an assessment tool by Maki et al. 9 . These authors identified the following domains used to assess mission trips: patient outcomes, quality and effectiveness of care, perspectives of health-care professionals and patients, sustainability, costeffectiveness, and education. We grouped these domains into 3 themes: quality of care, sustainability, and personal perspectives. We used these themes as a starting point for shaping our evaluation model because they aligned with previous research conducted by Op-Walk Boston. However, given that quality of care is the most common theme in mission trip research, we felt that we needed to further clarify how to evaluate quality. Therefore, we searched for a conceptual framework for healthcare quality assessment to incorporate into our model, and chose Donabedian's structure, process, and outcome framework because of its long-standing prominence in quality improvement literature 32 . While quality of care and sustainability often are used to assess mission trip impact, a multilevel approach is needed to capture the perspective of clinicians and patients participating in these missions. Maki et al. include patient perspectives in their model using surveys, which limit a patient's ability to discuss cultural beliefs 9 . We felt that a thorough assessment of patient perspectives should be included in the evaluation model because this can delineate the social determinants of health in the host country. As discussed by Braveman and Gottlieb, social determinants can have synergistic or antagonistic relationships with medical care 33 . Given the influence of social determinants on health, we propose that missions evaluate contextual factors, such as culture and beliefs, in order to better understand the people whom they are serving.
Using the information gathered from the literature and Op-Walk Boston's 10 years of experience, we propose an evaluation model based on 3 major domains: contextual factors, system management (structure, process, and outcomes), and sustainability (Fig. 2) .
Contextual Factors
The health literacy and health-related beliefs of the population can be critical to understanding patterns of utilization e35(2) 21, 2018 and outcome. Specifically, a patient's views on the etiology of the disease, the need for treatment, and medication practices can influence management recommendations. Furthermore, the host institution's treatment guidelines, such as preferred medication regimens, and health-care delivery system should be understood in order to develop appropriate management strategies.
System Management
The system management domain is further stratified into 3 assessment categories: structure, process, and outcome. Structure includes the physical structures where care is delivered, the clinical and nonclinical staff, and financial and administrative support. Process focuses on care processes, such as medical and financial screening, perioperative evaluation, intraoperative management, and postoperative care. Both the structure and the process of the mission trip organization and the host institution should be assessed using standard guidelines. The results of these analyses are essential to improving the care provided by the mission since many of the factors, such as screening protocols, can be adjusted quickly. The outcome category refers to the clinical outcomes of the treatments. In order to evaluate the success of the treatments supplied by the mission, it is important to quantify the initial disease severity in patients, as well as the outcomes, using standardized, validated measures. This allows for the assessment of long-term outcomes and comparison with cohorts in other locations, which helps to quantify the impact of the mission.
Sustainability
For multiyear partnerships, the sustainability and cost-effectiveness of the missions should be assessed. Evaluation of host organization practices and work culture prior to and after forming a relationship with the mission organization can reveal if any changes have occurred and whether they were due to knowledge transfer. Furthermore, cost-effectiveness analyses can determine if the ratio of incremental costs to health benefits of the programs compares favorably with other programs that compete for resources in these developing countries.
Brief Overview of Prior Op-Walk Boston Research Methods
The Op-Walk Boston research program has used quantitative and qualitative methods that are appropriate to the research question. All study procedures were approved by the institutional review boards at both the Brigham and Women's Hospital in Boston and HGPS in Santo Domingo. Distribution of patients among Dominican cities. In the evaluation model, contextual factors create the background in which system management and sustainability factors interact to produce mission outcomes and impact.
Quantitative Methods
The Op-Walk Boston research program obtains patients' preoperative and postoperative data, creating a longitudinal database. All patients, with the help of a research assistant, complete a baseline survey that consists of several reliable and validated measures of health-related quality of life, as well as demographic questions and patient expectations of surgery 34, 35 . We documented the reliability of these measures in this Dominican cohort 22, 36 . From 2009 to 2016, 91.4% of patients completed the baseline survey. Additionally, patient-reported outcomes are collected for up to 2 years from the date of surgery. Of patients operated on between 2009 and 2015, 77.5% completed at least one 1-year or 2-year follow-up survey.
Qualitative Methods
Investigators utilized structured one-on-one interviews to elicit patient and staff member beliefs and practices. Moderator's guides were created by multidisciplinary teams, including experienced qualitative researchers. Interviews, conducted in Spanish, were digitally recorded and later translated into English. Transcripts were analyzed using content analysis to identify themes 37 , which were then converted into a set of content area codes 38 . An investigator then used this coding scheme to go back through and code each transcript. The interrater reliability of coding for themes and content was assessed by having an additional investigator code a subset of transcripts.
Results
Op-Walk Boston has conducted several research studies in the Dominican Republic during its partnership with HGPS, and these were used to inform our proposed model. Below we provide a brief overview of the results of these investigations, stratified by the 3 evaluation domains.
Contextual Factors
Several qualitative studies were conducted to understand how culture influences patients' experience with disease, as well as physicians' practice patterns. Niu et al. investigated patients' understanding of arthritis, and found that patients used religious and environmental theories to explain their disease. For example, they stated that their arthritis had been caused by God or through contact with water 23 . Patients also were interviewed about their arthritis treatment prior to total knee arthroplasty. They reported a reliance on nonpharmacologic therapies, as well as family and religious support. They had limited knowledge of opioids, and trusted God and their doctors to cure their pain 28 . In order to better understand the analgesic prescription culture at HGPS and compare that to the practices of Op-Walk staff, Devine et al. interviewed American and Dominican providers about their prescription patterns and decision-making frameworks 27 . Dominican surgeons rarely prescribed opioids because of limited availability, and adhered to a standardized pain protocol. This contrasted with American surgeons who subscribed to a shared decision-making model for analgesic prescribing, and prescribed various medications, including opioids.
System Management
Blue Cross Blue Shield developed criteria for designating Centers of Excellence (Blue Distinction) for total hip and knee replacement surgery in the U.S. 39 , which involve a combination of structural elements, processes of care, and outcomes. Using the Centers of Excellence criteria, a study found that Op-Walk Boston scored 71 points of a possible 100; a score of 60 qualifies as a Center of Excellence 21 . Op-Walk Boston was especially successful in satisfying process-based criteria, reflecting the capacity of the organization to collaborate with HGPS to implement high-quality processes of care, even in a resourceconstrained environment.
Research on surgical outcomes has yielded several important findings (Table I) . First, the functional status of patients undergoing TJA in the Op-Walk sample is considerably worse, on average, than that of patients undergoing these procedures in high-income countries (baseline Western Ontario and McMaster Universities Osteoarthritis Index [WOMAC] function score of 33.6 compared with 43.3 to 54, respectively, using a 0 to 100 scale, where 100 is best), reflecting more advanced disease at the time of presentation 22 . Nevertheless, Dominican patients improve considerably following TJA and reach average pain and function scores at 1 year (50-point improvement) that are comparable with patients who present with higher preoperative function 20 . Additionally, to assess physical activity among TJA recipients, the research team developed and validated a Spanish translation of the Yale Physical Activity Survey 25, 40 . Only 43% of patients who were assessed 1 to 4 years after TJA did enough physical activity to satisfy Centers for Disease Control and Prevention (CDC) and World Health Organization (WHO) recommendations. Patients who were older, those who lived alone, and those who were more pessimistic about the outcomes of surgery were less likely to be physically active 29 . A related study of patients' postoperative experiences showed that patients generally resumed obligatory activities (those required to fulfill their social roles), but did not resume or try new discretionary activities 18 .
Sustainability
We studied how the Op-Walk partnership had influenced the structure and process of care at HGPS or at the home institutions of the Op-Walk Boston staff 26 . This study utilized interviews with various American and Dominican personnel, including surgeons, nurses, and administrative staff. Study participants noted sustainable changes that occurred in the way care is delivered at HGPS as a result of the technical knowledge transfer and managerial examples provided by Op-Walk Boston staff. Examples included improved infection control and documentation of care. Additionally, HGPS staff attributed an evolution in nursing care to interactions with Op-Walk Boston nurses, who introduced a culture of greater independence in decision-making for nurses and the desire for continued education. U.S. staff noted gaining a better appreciation for different providers' roles and greater cost-consciousness. This study also helped identify barriers to knowledge transfer in this setting, such as language and organizational hierarchy. e35(4) 
Discussion
The number of medical mission trips and the financial investment in these endeavors has steadily increased over the years 9 , prompting demands for proof of their value 12, 13 . As Sykes stated in a recent systematic review, "there is a need for comprehensive data collection and outcome assessment to justify, quantify, and verify the impact of MSTs [mission trips]." 16 In this paper, we offer a comprehensive evaluation model for mission trips and use the work of Op-Walk Boston as an example of its implementation. e35 (6) T
We have presented a new evaluation model that assesses mission quality across 3 domains: contextual factors, system management, and sustainability. This allows for a better understanding of both the patient population and the host institution in order to adapt mission practices in a culturally sensitive manner. This, in turn, may improve the medical results that are quantified with standardized outcome measures. Additionally, the sustainability assessment can help verify and justify the impact that the mission has had on the host institution.
Op-Walk Boston's implementation of this comprehensive tool illustrates the value it can provide to a mission trip. Notably, Op-Walk Boston's use of qualitative studies allowed for an increased understanding of the differences in medical practices, catalyzed adaptation to cultural norms, and identified needed interventions. For example, studies on patient opioid use and physician opinions on prescription medications showed that HGPS physicians rarely prescribed opioids, and patients had limited experience with them 27, 28 . These observations prompted the Op-Walk clinical leaders to reduce the role of opioids in the postoperative pain management protocols for the program, as well as to evaluate the reasoning for their prescription practices at their home institutions. Additionally, studies showing patients' limited understanding of arthritis etiology and recommended activity levels following TJA have prompted increased patient education efforts 18, 23 . To formally document the merits of the mission trip and its impact on HGPS, the research program used the Blue Cross Blue Shield criteria for Centers of Excellence and found that the mission met the Centers of Excellence requirements. Additionally, various studies on postoperative outcome have demonstrated that despite worse preoperative pain and function, Op-Walk patients achieved levels of functional status at 1 to 2 years postsurgery comparable to those observed in U.S. cohorts 20, 22 . In fact, patients in the worst tertile of preoperative pain and function improved so drastically after TJA that at the 1-year follow-up, there were no differences between those patients and those who had started with the least preoperative limitations 18 . These data suggest that even though TJA recipients in developing countries such as the Dominican Republic are likely to be substantially limited preoperatively, they can achieve excellent outcomes and should not be denied surgery because of advanced functional limitations.
Given the multiyear partnership between Op-Walk Boston and HGPS, a sustainability analysis was conducted to look at the technical and managerial skills that had been conveyed, while asking what inhibited additional knowledge transfer 26 . This study highlighted the procedural and cultural evolution that occurred at HGPS, as well as the continual obstacles created by language barriers. This investigation provided insight into areas for improvement. Specifically, future research could collect annual educational metrics and cost data to evaluate how changes in systems management have made the mission more cost-effective and sustainable. Additionally, it is critically important that each mission program incorporate patient financial means assessments so that the provision of free care does not harm the developing provider community within the partnering institutions.
Conducting program evaluation in the developing world has several challenges. The infrastructure needed to conduct follow-up assessment of postoperative outcomes may be lacking. For example, the lack of reliable postal service in the Dominican Republic requires that follow-up evaluations be done in person or by telephone, but not by mail. Additionally, it may be difficult for patients to return to the original site of treatment if they have traveled far for the surgery. Despite these difficulties, Op-Walk Boston has collected follow-up assessments for 77.5% of patients, which is largely attributed to the patients' gratitude and loyalty to the program. Additional challenges include limited education and literacy in the patient population, as well as the generalizability of individual study findings.
In summary, our proposed evaluation model offers a new method for the formal assessment of medical mission trips. Specifically, establishing a system for the assessment of long-term patient outcomes helps to quantify the impact of the program on patient lives. Qualitative studies that are focused on program evaluation help document the impact of the mission on patients and the host institution. Additionally, these studies can identify local cultural factors that may influence outcomes, and point out opportunities for better adaptation to the customs of host countries. This evaluation model can help global mission trips implement a comprehensive research approach to document their impact and justify their endeavors. n
